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Abstract of JP2002208425 

PROBLEM TO BE SOLVED: To provide a fuel 

reformer which can generate high-purity 

hydrogen or even, does not need outer 

heating. 

SOLUTION: The fuel reformer generates 
hydrogen from fuel and steam, and is 
equipped with a fuel reforming catalyst layer 
filled with steam reforming catalyst of fuel, a 
reforming fuel gas supply means introducing 
fuel and reforming fuel gas containing steam to 
the fuel reforming catalyst layer, a reforming 
fuel gas exhausting means exhausting 
hydrogen principal component gas generated 
by steam reforming from the fuel reforming 
catalyst layer, and a metal oxide layer 
provided at downstream of the fuel reforming 
catalyst layer to absorb carbon dioxide 
contained in the reforming fuel. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The fuel reforming catalyst layer which is the fuel refining machine which manufactures 
hydrogen from a fuel and a steam, and was filled up with the catalyst for steam reforming of a fuel, A 
fuel gas supply means for refining to introduce the fuel gas for refining containing a fuel and a steam 
into this fuel reforming catalyst layer, The fuel refining machine for fuel cells which comes to have 
the metal oxide layer prepared in the lower stream of a river of this fuel reforming catalyst layer in 
order to absorb the carbon dioxide contained in a refining fuel gas blowdown means to discharge the 
hydrogen principal component gas generated by steam reforming from this fuel reforming catalyst 
layer, and this refining fuel. 

[Claim 2] The fuel reforming catalyst layer which is the fuel refining machine which manufactures 
hydrogen from a fuel and a steam, and was filled up with the catalyst for steam reforming of a fuel, A 
fuel gas supply means for refining to introduce the fuel gas for refining containing a fuel and a steam 
into this fuel reforming catalyst layer, In order to absorb the carbon dioxide contained in a refining 
fuel gas blowdown means to discharge the hydrogen principal component gas generated by steam 
reforming from this fuel reforming catalyst layer, and this refining fuel The fuel refining machine for 
fuel cells to which is equipped with the metal oxide layer prepared in the lower stream of a river of 
this fuel reforming catalyst layer, and it comes to carry out the at least 2 or more set laminating of 
this fuel reforming catalyst layer and this metal oxide layer by turns. 

[Claim 3] The fuel refining machine for fuel cells which comes to have a fuel-gas supply means for 
refining introduce into this fuel reforming catalyst layer the fuel gas for refining containing the fuel 
reforming catalyst layer, the fuel, and the steam which are the fuel refining machine which 
manufactures hydrogen from a fuel and a steam, and were filled up with the catalyst for steam 
reforming and the metallic oxide of a fuel, and a refining fuel-gas blowdown means discharge the 
hydrogen principal component gas generated by steam reforming from this fuel reforming catalyst 
layer. 

[Claim 4] The refining approach of the fuel characterized by introducing a fuel and a steam into this 
fuel reforming catalyst layer by preparing a metal oxide layer in the lower stream of a river of a fuel 
reforming catalyst layer, introducing into this metal oxide layer the hydrogen and the carbon dioxide 
which were subsequently generated, making a carbon dioxide absorb selectively in the refining 
approach of a fuel and the fuel which manufactures hydrogen from a steam, and making hydrogen flow 
out of this metal oxide layer. 

[Claim 5] In the refining approach of a fuel and the fuel which manufactures hydrogen from a steam, 
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the at feast 2 or more set laminating of a fuel reforming catalyst layer and the metal oxide layer of 
the lower stream of a river is carried out by turns. While introducing a fuel and a steam into this fuel 
reforming catalyst layer, introducing into this metal oxide layer the hydrogen and the carbon dioxide 
which were subsequently generated, making a carbon dioxide absorb selectively and making hydrogen 
flow out of this metal oxide layer The refining approach of the fuel characterized by supplying 
further the heat of reaction generated in the case of this absorption as refining heat of reaction to 
this down-stream reforming catalyst layer. 

[Claim 6] The refining approach of the fuel characterized by preparing the fuel reforming catalyst 
layer which mixed the metallic oxide for the catalyst in the refining approach of a fuel and the fuel 
which manufactures hydrogen from a steam, introducing a fuel and water into this reforming catalyst 
layer, and making only hydrogen flow out of this fuel reforming catalyst layer substantially. 
[Claim 7] The refining approach of the fuel characterized by advancing decarboxylation of the metal 
carbonate which heated and generated this fuel reforming catalyst layer from the exterior after 
reaction termination in claim 6, collecting carbon dioxides, and reproducing a metallic oxide. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel refining approach using the fuel refining 
machine for fuel cells and it using a metallic oxide in more detail about the fuel refining machine for 
fuel cells. 
[0002] 

[Description of the Prior Art] The fuel reformer which generates hydrogen and a carbon dioxide from 
a fuel and water (steam), such as methane and a methanol, is known as equipment for supplying fuel gas 
to a fuel cell. The fuel gas containing hydrogen is supplied to a fuel cell at a cathode side, the 
oxidation gas containing oxygen is supplied at an anode plate side, and electromotive force is acquired 
according to the electrochemical reaction produced on two poles. 

[0003] First, in the fuel reformer using methane content gas and a steam, generally the following 
methane refining reactions are performed and hydrogen and a carbon dioxide are manufactured. 
CH4+2H2 0->C02+4H2 deltaH=+164.8 KJ/mol (1) 

This reaction is endothermic reaction, and a reaction is performed at about 800 degrees C using the 
packed bed reactor into which the nickel catalyst usually went, carrying out fuel gas heating from the 
outside. Four mols are carried out for hydrogen at a rate of one mol, refining of the fuel is carried out 
for a carbon dioxide by the reaction, and this mixed gas is used as a fuel with a fuel cell by it. 
[0004] On the other hand, in the fuel reformer using a methanol and a steam, generally the following 
methanol-ref orming reactions are performed and hydrogen and a carbon dioxide are manufactured. 
CH30H(g)+H20(g) ->C02+3H2 deltaH=+49.5 KJ/mol (2) 

This reaction is endothermic reaction, and a reaction is performed using the packed bed reactor into 
which the nickel catalyst usually went like the case of methane, carrying out fuel gas heating from the 
outside. In this case, it is [0005] for which a reaction is performed at about 200-300 degrees C, 
three mols are carried out for hydrogen at a rate of one mol, refining of the fuel is carried out for a 
carbon dioxide, and this mixed gas is used as a fuel with a fuel cell. 

[Problem(s) to be Solved by the Invention] Thus, since it is necessary to make heat energy supply for 
example, and the method of forming a burner and a heater and performing heat tracing is usually 
performed, the above-mentioned refining reaction is endothermic reaction and it is further generated 
collectively by the carbon dioxide in order to advance a refining reaction, in order to raise the engine 
performance of a fuel cell, high concentration hydrogen is desired. 

[0006] Then, this invention person examined many things so that he may get the fuel refining machine 
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which can generate the hydrogen of a high grade or does not need heat tracing on it, and he reached 

this invention. 

[0007] 

[Means for Solving the Problem] The fuel refining machine for fuel cells of the 1st mode in this 
invention The fuel reforming catalyst layer which is the fuel refining machine which manufactures 
hydrogen from a fuel and a steam, and was filled up with the catalyst for steam reforming of a fuel, A 
fuel gas supply means for refining to introduce the fuel gas for refining containing a fuel and a steam 
into this fuel reforming catalyst layer, In order to absorb the carbon dioxide contained in a refining 
fuel gas blowdown means to discharge the hydrogen principal component gas generated by steam 
reforming from this fuel reforming catalyst layer, and this refining fuel, let the fuel refining machine 
for fuel cells which comes to have the metal oxide layer prepared in the lower stream of a river of 
this fuel reforming catalyst layer be a summary. 

[0008] In this invention, although the fuel by which refining is carried out has common hydrocarbons 
and methanols, such as methane content gas, such as methane and natural gas, a gasoline, naphtha, gas 
oil, and LP gas, it explains the case of methane and a methanol in the following explanation. Moreover, 
what reacts with a carbon dioxide and generates a metal carbonate as the above-mentioned metallic 
oxide is used, and oxides, such as calcium, magnesium, copper, iron, and nickel, are suitable. In order to 
obtain the fuel refining machine which does not need heat tracing, especially in the case of methane, 
in the case of a calcium oxide and a methanol, a magnesium oxide is suitable, although the selection is 
based on the class of fuel etc. 

[0009] In the fuel refining machine constituted as mentioned above, if methane and a steam are 
introduced into this methane reforming catalyst layer, hydrogen and a carbon dioxide will be 
generated at about 800 degrees C. Subsequently, if these are introduced into a calcium-oxide layer, a 
calcium oxide will react with a carbon dioxide near 800 degree C, and a calcium carbonate will be 
generated. 

CaO+C02 ->CaC03 deltaH=-178.1 kJ/mol (3) 

Thus, a carbon dioxide is selectively absorbed by the calcium-oxide layer, and hydrogen flows out of 
this calcium layer. Therefore, since high-concentration hydrogen is obtained, the engine performance 
of a fuel cell improves. Furthermore, it can collect, without emitting a carbon dioxide to atmospheric 
air. On the other hand, if a methanol and a steam are introduced into this methanol reforming catalyst 
layer, in order to consider as the reaction rate of practical use level, hydrogen and a carbon dioxide 
will be generated at about 200 degrees C - suitable 300 degrees C (at least 100 degrees C or less of 
the methanol-ref orming reactions itself advance in reaction balance). Subsequently, if these are 
introduced into a magnesium-oxide layer, a magnesium oxide will react with a carbon dioxide near 300 
degrees C - 450 degree C, and a magnesium carbonate will be generated. 
[0010] 

MgO+C02 ->MgC03 deltaH=-118.2 kJ/mol (4) 

Thus, a carbon dioxide is selectively absorbed by the magnesium-oxide layer, and hydrogen flows out 
of this magnesium layer. Therefore, since high-concentration hydrogen is obtained, the engine 
performance of a fuel cell improves. Furthermore, it can collect, without emitting a carbon dioxide to 
atmospheric air. The fuel refining machine for fuel cells of the 2nd mode in this invention The fuel 
reforming catalyst layer which is the fuel refining machine which manufactures hydrogen from a fuel 
and a steam, and was filled up with the catalyst for steam reforming of a fuel, A fuel gas supply means 
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for refining to introduce the fuel gas for refining containing a fuel and a steam into this fuel 
reforming catalyst layer, In order to absorb the carbon dioxide contained in a refining fuel gas 
blowdown means to discharge the hydrogen principal component gas generated by steam reforming 
from this fuel reforming catalyst layer, and this refining fuel It has the metal oxide layer prepared in 
the lower stream of a river of this fuel reforming catalyst layer, and let the fuel refining machine for 
fuel cells to which it comes to carry out the at least 2 or more set laminating of this fuel reforming 
catalyst layer and this metal oxide layer by turns be a summary. In the fuel refining machine 
constituted as mentioned above, if methane and a steam are introduced into this methane reforming 
catalyst layer, hydrogen and a carbon dioxide will be generated at about 800 degrees C. Since the 
laminating of this catalyst bed is carried out to the calcium-oxide layer of the lower stream of a river 
by turns, the generated carbon dioxide is absorbed in a down-stream calcium-oxide layer. At this time, 
the exothermic reaction heat (178.1 kj/mol) of carbonation generates as mentioned above. Since this 
heat of formation is larger than the necessary heating value (-164.8 kJ/mol) of methane refining 
endothermic reaction, consecutive refining heat of reaction can be supplied with carbonation heat. 
The following reaction formulae are materialized [ in / whole / a layer ]. 
[0011] 

CaO+CH4+2H20->CaC03+4H20 deltaH=-13.3 kj/mol (5) 

That is, there is generation of heat of 13.3 kj/mol and this reaction advances without the heat supply 
from the outside. Thus, it can realize that this fuel refining machine can carry out self-supply of the 
required heat without heating from the outside. On the other hand, if a methanol and a steam are 
introduced into this methanol reforming catalyst layer, hydrogen and a carbon dioxide will be suitably 
generated at about 200 degrees C - 300 degrees C. Since the laminating of this catalyst bed is 
carried out to the magnesium-oxide layer of the lower stream of a river by turns, the generated 
carbon dioxide is absorbed in a down-stream magnesium-oxide layer. At this time, the exothermic 
reaction heat (118.2 kj/mol) of carbonation generates as mentioned above. Since this heat of 
formation is larger than the necessary heating value (-49.5 kj/mol) of methanol-ref orming 
endothermic reaction, consecutive refining heat of reaction can be supplied with carbonation heat. 
The following reaction formulae are materialized [ in / whole / a layer ]. 
[0012] 

MgO+CH3 OH+H2 0->MgC03+3H2 deltaH=-68.7 kj/mol (6) 

That is, there is generation of heat of 68.7 kj/mol and this reaction advances without the heat supply 
from the outside. Thus, it can realize that this fuel refining machine can carry out self-supply of the 
required heat without heating from the outside. 

[0013] Furthermore, the fuel refining machine for fuel cells of the 3rd mode in this invention The fuel 
reforming catalyst layer which is the fuel refining machine which manufactures hydrogen from a fuel 
and a steam, and was filled up with the catalyst for steam reforming and metallic oxide of a fuel, Let 
the fuel refining machine for fuel cells which comes to have a fuel gas supply means for refining to 
introduce the fuel gas for refining containing a fuel and a steam into this fuel reforming catalyst 
layer, and a refining fuel gas blowdown means to discharge the hydrogen principal component gas 
generated by steam reforming from this fuel reforming catalyst layer be a summary. In this mode, 
since the methane reforming catalyst layer is mixed and filled up with the catalyst and the calcium 
oxide, fuel refining of a more prompt heat-of -reaction self -supply mold becomes possible. In this 
mode, since the methanol reforming catalyst layer is mixed and filled up with the catalyst and the 
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magnesium oxide, fuel refining of a more prompt heat-of -reaction self-supply mold becomes possible. 
[0014] 

[Embodiment of the Invention] Hereafter, the case where methane content gas is first used as fuel 
gas in this invention is explained with a drawing. Drawing 1 is the mimetic diagram showing the refining 
machine of three modes of the above l-3rds in this invention, a is the refining machine of the carbon- 
dioxide absorption mold which requires heating, and methane is introduced into a coil (1) with a steam 
as methane content gas. The coil (1) is held with the heating furnace (4) at predetermined 
temperature, and the catalyst bed (2) is filled up with nickel support alumina as a catalyst for steam 
reforming. In this catalyst bed, a refining reaction is carried out at about 800 degrees C, the 
generation gas containing hydrogen and a carbon dioxide flows out, and it is introduced into the metal 
oxide layer (3) filled up with the down-stream calcium oxide. A carbon dioxide is absorbed selectively 
and high-concentration hydrogen flows out of a metal oxide layer there. The above-mentioned catalyst 
is not limited to the above-mentioned nickel, further, support is also replaced with an alumina and a 
silica etc. can be used for it for it. b shows the laminating mold refining machine which carried out the 
2 or more set laminating of the metal oxide layer (3) by which calcium-oxide restoration was carried 
out with nickel support catalyst bed (2) by turns, and c shows the hybrid model refining machine which 
has the catalyst / metallic-oxide mixing layer (5) which mixed the calcium oxide with nickel support 
alumina. Each of b and c is heat-of -reaction self-supply molds, does not need heating fundamentally 
but is equipped with the preheater (not shown) of the sake at the time of a start. 
[0015] Also in fuel refining of this invention, the carbon monoxide of a minute amount is generated 
like the conventional fuel refining. Since this carbon monoxide carries out poisoning of the catalyst 
and has an adverse effect, it needs to convert this into a carbon dioxide. Therefore, it is converted 
into a carbon dioxide by the convertor prepared in the refining machine lower stream of a river. In 
the refining machine of this invention, in order that the carbon dioxide generated by nickel catalyst 
bed may be absorbed by carbonation and the concentration may decrease, the reaction of carbon- 
dioxide-izing of a carbon monoxide advances better in balanced theory. For this reason, generating of 
a carbon monoxide is controlled. Since a carbon monoxide carries out poisoning of the electrode 
catalyst (platinum system) of a fuel cell and a cell property is reduced, although the carbon monoxide 
shift coverter is formed in the lower stream of a river of a refining machine, according to this 
invention, reduction or it can usually be made unnecessary for the load to this transformer. 
[0016] Drawing 2 shows the progressive of the main reactions in the fuel refining machine of this 
invention by the chemical reaction equilibrium line, and shows the balanced relation between a calcium 
oxide/carbon dioxide, a calcium oxide/water, and a fuel refining reaction. A calcium oxide / carbon- 
dioxide system is the reactions of this **, and a calcium oxide/drainage system is competitive 
reactions expected from the gas to be used. The pressure P of an axis of ordinate shows the carbon- 
dioxide pressure in each reaction, and the water-vapor-pressure force, and shows the degree of 
completion of whenever [ decomposition ] (leftward reaction) (it decomposes so well that P is large). 
Only a refining reaction shows the reaction equilibrium constant K. For example, near 700 degree C, a 
calcium carbonate is hardly disassembled. That is, carbonation of a calcium oxide progresses well. 
Moreover, it turns out that a fuel refining reaction advances rightward (hydrogen generation side). On 
the other hand, since it decomposes and most calcium hydroxides turn into a calcium oxide, the water 
absorption to a calcium oxide hardly happens. Performing a calcium oxide and a carbonation reaction 
can check thermodynamically the carbon dioxide which the refining reaction progressed well and was 
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generated from this in this temperature region. 

[0017] Furthermore, drawin g 3 shows the reaction layer temperature change accompanying fluctuation 
of a carbonation pressure in the initial temperature of 650 degrees C of a reaction. That is, in the 
packed-bed mold reactor of about 1kg of calcium-oxide reaction samples, if a carbon dioxide is 
introduced into a 650-degree C reaction layer in reaction-time 0 minute the first stage, a reaction will 
advance promptly. And the temperature rise of the reaction layer is rapidly carried out to 900-1000 
degrees C with heat of reaction. The absorption (carbonation) to the calcium oxide of the carbon 
dioxide near about 700-800 degree C from this fully advances, and it is shown that self-heat-of - 
reaction supply is possible. 

[0018] On the other hand, although it changes to methane/calcium oxide as above-mentioned, it 
changes to a methanol/magnesium oxide and reaction temperature differs in using a methanol fuel in 
this invention, above-mentioned drawing 1 a, b, and c corresponds as it is. Drawing 4 , When using a 
methanol fuel, a chemical reaction equilibrium line shows the progressive of the main reactions in the 
fuel refining machine of this invention, and the balanced relation between a magnesium oxide/carbon 
dioxide, a magnesium oxide/water, and a fuel refining reaction is shown. A magnesium oxide / carbon- 
dioxide system is the reactions of this **, and a magnesium oxide/drainage system is competitive 
reactions expected from the gas to be used. The pressure P of an axis of ordinate shows the carbon- 
dioxide pressure in each reaction, and the water-vapor-pressure force, and shows the degree of 
completion of whenever [ decomposition ] (leftward reaction) (it decomposes so well that P is large). 
Only a refining reaction shows the reaction equilibrium constant K. For example, near 300 degree C, a 
magnesium carbonate is hardly disassembled. That is, carbonation of a magnesium oxide progresses 
well. Moreover, it turns out that a fuel refining reaction advances rightward (hydrogen generation 
side). On the other hand, since it decomposes and most magnesium hydroxides turn into a magnesium 
oxide, the water absorption to a magnesium oxide hardly happens. Performing a magnesium oxide and a 
carbonation reaction can check thermodynamically the carbon dioxide which the refining reaction 
progressed well and was generated from this in this temperature region. 

[0019] Since heating decomposes by ordinary pressure and the magnesium carbonate generated by the 
formula (6) returns to a magnesium oxide, it can be used for fuel refining for the second time. In 
addition, the heat of reaction expressed with a formula (2) changes with phases of a reaction raw 
material, for example, case where a methanol is the liquid phase CH30H(L)+H20(g) ->C02+3H2 the 
case where both deltaH=+87.0 KJ/mol (2-2), a methanol, and water are the liquid phase - CH30H(L) 
+H20(L) ->C02+3H2 It is deltaH=+131.0 KJ/mol (2-3). The calorific value in the MgO carbonation 
expressed with a formula (6) is larger than a heating value required for the reaction of a formula (2), 
and exoergic temperature is also about 300 degrees C. Therefore, the own strength reaction which 
can fully supply and does not need heat tracing is also possible for the refining heat of reaction of a 
formula (2). Furthermore, since the calorific value of a formula (6) is larger than a heating value 
required for the reaction of a formula (2-2), the surplus heat is applicable to evaporation of a 
methanol. On the other hand, although the heating value of a formula (6) is inadequate for the 
reaction of the formula (2-3) also containing the heat of vaporization of water, own strength progress 
of a formula (2-3) also becomes possible by using together the waste heat from a fuel cell (for 
example, fuel cell for automobiles). 

[0020] The fuel refining machine which can generate the hydrogen of a high grade according to this 
invention, or does not need heat tracing on it can be offered as above-mentioned. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1] It is drawing showing the embodiment of the fuel refining machine of this invention 
typically. 

[Drawing 2} It is drawing showing the chemical reaction equilibrium line of the main reactions in the 
fuel refining machine of this invention. 

[Drawing 3] In the fuel refining machine of this invention, it is drawing showing change of the reaction 
layer temperature accompanying fluctuation of a carbonation pressure. 

[ Drawin g 4] It is drawing showing the chemical reaction equilibrium line of the main reactions in the 
fuel refining machine of this invention. 
[Description of Notations] 

1 Coil 

2 -- Catalyst bed 

3 — Metal oxide layer 

4 — Heating furnace 

5 — A catalyst / metallic-oxide mixing layer 
[Translation done.] 
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DRAWINGS 
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